Introduction: Voxel-based morphometry (VBM) is a neuroimaging analysis technique that allows investigation of focal differences in brain anatomy, using the statistical approach of statistical parametric mapping. Gender changes are probably expressed in the human brain in the form of functional and anatomical organization. Aim: Our aim was to study gender differences and anatomical abnormalities in epilepsy patients (EP) by voxel-based morphometry (VBM) methods. Methods: Cortical thickness analysis of whole brain was performed in 28 patients with EP and 30 controls for gender and hemispheric differences. Results: Cortical thickness abnormalities were more widespread in left side of the brain in EP; while in female changes were mostly seen in temporal areas, frontal regions were more affected in male. Conclusion: Our study confirmed that gender and laterality are important factors determining the brain damage in EP.
INTRODUCTION
Gender differences are predictable in the functional and anatomical organization of the human brain early in life (1) (2) (3) (4) (5) (6) . In 1960s, Taylor proposed the biological basis for a higher vulnerability of the male brain and of the left hemisphere (2) . According to Taylor hypothesis in 1960, in female cerebral maturation would be more rapid, so that boys would be at a greater risk for a longer time in such a way that a potential seizure-producing insult would affect the less functionally active side, the left hemisphere. The temporal lobe epilepsy with mesial temporal sclerosis (TLE-MTS) has already been described in relation Sexual dimorphism (3, 4, 5) .
Voxel-based morphometry (VBM) is a neuroimaging analysis technique that allows investigation of focal differences in brain anatomy, using the statistical approach of statistical parametric mapping (6) . In traditional morphometry, volume of the whole brain or its subparts is measured by drawing regions of interest (ROIs) on images from brain scanning and calculating the volume enclosed (6) .
Magnetic Resonance Imaging (MRI) study showed volume deficits in male brain areas other than ipsilateral hippocampus more than women (6) . The glucose hypometabolism measured by PET showed gender-based differences (7) . Finally, gender may differentially effect the degree of gliosis in EP patients (8) .
Voxel-based morphometry (VBM), a fully automated computerized quantitative MRI analysis technique, is a widely used method to identify gray and white matter abnormalities in epilepsy field, which provides comprehensive analysis of global brain structure (9, 10) 
AIM
Our aim was to study gender differences and anatomical abnormalities in epilepsy patients (EP) by voxel-based morphometry (VBM) methods. 30 age and gender-matched healthy control subjects (15 males), members of the hospital personnel with no history of head injury or significant medical or psychiatric illnesses were submitted to 3T brain MRI under conditions identical to patients. All controls had normal MRI on visual inspection.
METHODS

Subjects
The Ethics Committee approved the study, and written informed consent was obtained from all participants before their inclusion in this protocol.
MRI data acquisition
A Siemens Magnetom Verio 3T MRI clinical scanner (Siemens AG, Healthcare Sector, Erlangen, Germany) and 12-channel phased-array head coil were used to acquire: (1) T1-weighted 3D magnetization-prepared rapid gradient-echo imaging (MPRAGE): TR = 1600 ms, TE = 2.19 ms, inversion time = 900 ms, flip angle = 9°, acquisition plane = sagittal, voxel size = 1 × 1 × 1 mm3, FOV = 256 mm, acquired matrix = 256 × 256, acceleration factor (iPAT) = 2; (2) Fluid attenuated inversion recovery (FLAIR): TR = 9000 ms, TE = 128 ms, inversion time = 2500 ms, flip angle = 150°, acquisition plane = axial, slice thickness = 5mm, FOV = 220 mm, acquired matrix = 256 × 196, acceleration factor (iPAT) = 2.
Statistics 2.5.1. Clinical analysis
Descriptive analyses of quantitative variables were reported by mean and standard deviation (SD).
Prior to conducting analyses, measures were tested for normal distribution using Kolmogorov-Smirnov test. All categorical and quantitative variables were assessed according to side and gender using Chi-square and MannWhitney test, respectively. The level of statistical significance was set at p < 0.05.
Cortical thickness analysis
In order to investigate possible gender and hemispheric differences between males and females, right and left-EP patients, and control group, we employed the ANOVA with age and brain volume as covariates of no interest for all cortical thickness analyses.
RESULTS
Demographics
A total number of 58 patients have been enrolled in the study. Mean age for the study population (6.24 ± 0.39). Among these cases the mean age was (6.28± 0.60) while in the control group the mean age was (6.20 ± 0.51). There was no statistical difference in the age between groups with p-value 0.91. Most of the patients in the population were male 60.3%, while female patients were 39.7%. Among cases the male were 71.4% and female 28.6%. While in the control group male were 50%.
Gender differences
Areas of the brain with statistically significant in male compared to female patients for all 58 patients are summarized in Table 1 .
When comparing between genders across all areas of the brain for all the population we found that there is statistically significant in: Cortex Volume (p=0.001, 
Hemispheric differences
Areas of the brain with statistically significant in the right hemisphere compared to the left hemisphere for all 58 patients are summarized in Table 2 .
When comparing hemispheric differences across all areas of the brain for all the population we found that there is statistically significant in: Cortex Volume (p=0.001), Left and Right Hemisphere Cortex Volume (p=0.001 and p=0.001 respectively), Cortical White Matter Volume (p=0.007), Left and Right Hemisphere Cortical White Matter Volume (p=0.009 and p=0.005 respectively), Sub-Cortical Gray Matter Volume (p=0.018), Total Gray Matter Volume (p=0.000), Supra-Tentorial Volume with Ventricles (p=0.001), Supra-Tentorial Volume without Ventricles (p=0.001), Supra-Tentorial Volume Voxel Count (p=0.001), Mask Volume (p=0.000), Brain Segmentation Volume (p=0.001), Brain Segment Volume without Ventricles (p=0.001), Brain Segment Volume without Ventricles from Surface (p=0.001), Right Hemisphere Surface Holes (p=0.017), Surface Holes (p=0.034), Estimated Total Intracranial Volume (p=0.001). There is also an area of near statistically significant Left Hemisphere Surface Holes (p=0.088).
Gender differences
Areas of the brain with statistically significant in male compared to female patients for only 28 cases patients are summarized in Table 1 .
When comparing between genders across all areas of the brain for only the cases we found that there is statis-tically significant in: Cortex Volume (p=0.038), Left 
Hemispheric differences
Areas of the brain with statistically significant in the right hemisphere compared to the left hemisphere for only 28 cases patients are summarized in Table 2 .
When comparing hemispheric differences across all areas of the brain for only the cases we found that there is statistically significant in: Left Choroid Plexus Table 2 ) and Non White Matter Hypointensities (p=0.098).
DISCUSSION
CH The result of our data showed 34 statically significant areas comparing between genders for 28 patients with TLE and 30 controls. Males have showed higher ANOVA score than females in all the significant areas. Moreover, hemispheric differences were significant for 18 areas in all cases and controls. Keller has described 26 foci in the brain which were found to be associated with volume reduction in association with TLE which could be ipsilateral and contralateral to the epileptic focus (9) . However, the association between volume reduction and VBM in relation to gander was not studied. This study showed significant value of gander differentiation as an augmenting tool to be used with Voxel Based Morphometry to investigate TLE patients.
The concept of using VBM as a tool to investigate epilepsy was used before in multiple previous studies. Mueller has used Voxel-based T2 Relaxation Rate Measurements in Temporal Lobe Epilepsy (TLE) with and without Mesial Temporal Sclerosis. He found ipsilateral significant that exceeds the limits of temporal lobe and extend to extra temporal areas (11) . However, using VBM N. Bernasconi found the extension of gray matter disease will involve cingulum, thalamus and frontal lobe, but white matter involvement was exclusive for ipsilateral to the elliptic focus site with involvement of temporal tracks only (REFS) (12) . The result of our study showed bilateral hemispheric involvement for both hemispheres including gray and white matter changes. The gray matter changes were compatible with Mullar result, but the white matter change was involving both hemispheres as Mullar showed ipsilateral involvement. Cortex Volume, Left and Right Hemisphere Cortex and Total Gray Matter Volume are the areas which were most significant for TLE patients (11) . These findings augment the previous evidence provided by Maria which showed to gender and hemispheric differences as factors representing the nature and severity of TLE with bilateral hemispheric involvement (13) . Also, this study proposes TLE to have generalized pathological extension to entire brain regions. The effectivity of VBM technique to monitor brain changes were shown in many conditions including, schizophrenia, temporal lobe epilepsy (TLE), mild cognitive impairment (MCI) and Alzheimer's disease (AD) (14) .
Limitation of the study Limitations included a small sample size. We believe that this trade-off to be sound as replication using identical methods is uncommonly carried out. Nevertheless, in a future paper we plan to carry out an analysis using whole brain measurement.
CONCLUSION
Further research using VBM to study patients with TLE is recommended to understand the nature of disease and to modify the treatment plan.
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